Objectives. To investigate the combined effects of Helicobacterpylori infection and traditional risk factors for peptic ulcer. Methods. A case-control study was conducted in chemical factories in Shanghai, China. The cases were 500 people with peptic ulcer randomly selected from all staff who met the selection criteria. The controls were 500 employees randomly selected from the same factories as the cases. Results. The infection rate for H. pylori was 81% among the cases and 70% among the controls and 85% of all ulcers were duodenal. Current cigarette smoking was common among male cases (80%) and male controls (64%). Unlvariate analysis suggested that male gender, age, lower socioeconomic status, cigarette smoking, family history of peptic ulcer and infection with H. pylori were all associated with increased risk of peptic ulcer. Separate analyses were performed by sex and occupational group to avoid confounding by cigarette smoking and age. Multivariate analyses showed that for all women and for male staff members, only family history was significantly predictive of peptic ulcer or duodenal ulcer. Among male workers or drivers, however, all the major risk factors were statistically significantly associated with increased risk. Conclusions. In a population where the rate of infection with H. pylori is high, the traditional risk factors for peptic ulcer or duodenal ulcer (i.e. family history, male gender, increasing age, lower socioeconomic status and cigarette smoking) are still significant predictors of increased risk of ulcer. If men with ulcers (or with a family history of peptic ulcer) gave up cigarette smoking, morbidity could be reduced in this population.
Peptic ulcer is a common disease. The lifetime prevalence of peptic ulcer is about 10%.' It impacts severely on people's quality of life and work because of the frequency of recurrences. Recently there has been considerable evidence that Helicobacter pylori (HP) is related to the occurrence of peptic ulcer. A case-control study was conducted in 11 chemical factories in Shanghai to assess the effects of both HP and traditional risk factors simultaneously on peptic ulcer.
METHODS
There were 34 717 employees in the 11 factories. According to the medical records kept by the factories for every employee, 1265 people had peptic ulcer. Due to the cost of determining HP infection, a study sample of 500 cases and 500 controls was selected. This would permit the detection in unmatched, univariate analysis who were responsible for the survey were trained in the use of the questionnaire. It covered 23 variables: sex; age in years; occupational category (worker, staff, or driver); type of work (physical, mental, or work in high temperatures); exposure to benzene; income (=s200, 200-400, or >400 yuan per person per month); education (primary school or less, middle school, university); current consumption of salt, rice, products made from wheat flour (e.g. noodles), fish, meat, eggs, bean curd, fried foods, milk, spicy or hot foods, pickles, coffee and tea; eating habits (fast or slow); cigarette smoking (current and past, duration, type and quantity of cigarettes); and history of peptic ulcer in first degree relatives. In addition, cases were asked about their symptoms, their age when they were first diagnosed as having peptic ulcer, their history of bleeding (including months of recurrence), concurrent medical conditions, and factors they believed caused recurrence of their ulcers.
Helicobacter pylori Infection
Blood samples were taken from all cases and controls and HP infection was determined by measuring immunoglobulin G antibody to HP using the ELISA technique (kit from BIO-RAD, USA) with >20 units/ml defining positivity. Blood group was also determined for all subjects.
Data Analysis
For univariate analysis OR and 95% confidence intervals (CI) were calculated. To look at the combined effects of several factors unconditional multiple logistic regression was used. Analyses were performed using the software Epi-Info (CDC and WHO) and Stata (Stata Corp, Texas, USA).
RESULTS
The distributions of the reference population (all employees in the 11 factories), the study population (those employees with peptic ulcer) and the study sample (the 500 cases) by sex and ulcer type are shown in Table 1 . The rate of incident or recurrent peptic ulcer in a 2-year period was 3.6% (4.6% for men and 1.7% for women). Overall, 85% of the ulcers were duodenal; the ratio of duodenal to gastric ulcers was almost 7:1. For the 500 cases in the study sample the diagnosis was confirmed by endoscopy for 214 (43%) and by barium examination for 286 (57%).
The main symptoms reported by the 500 cases were: epigastric pain (69%), acid regurgitation (65%), eructation (56%), discomfort (45%), nausea (29%) and bleeding (28%). Gastritis was also reported by 58% of cases. The reported frequencies of recurrence were once a year for 17% of cases, twice a year for 26% and three or more times for 56%; these frequencies were similar for all types of peptic ulcer. There were two peaks in ulcer recurrence during the year-from March to May and from October to December. The average duration of ulceration was 8 years-the same for all types of peptic ulcer. Table 2 shows those variables which were statistically significantly related to peptic ulcer in the univariate analysis of cases and controls. The apparently inverted U-shaped relationship with age in this industrial population is due to confounding by occupation because the staff (who had lower risk of ulcer) were mainly aged SB40 years and the workers and drivers (who were at higher risk) were predominantly in the younger age groups. As the OR for workers and drivers were not statistically different and there were few drivers, these two categories were combined for subsequent analyses. There were strong associations between occupation and work environment (x 2 = 732, d.f. = 2, P < 0.001), education (x 2 = 337, d.f. = 2, P < 0.001) and income (x 2 = 35, d.f. = 2, P< 0.001). All these markers of socioeconomic status were significantly associated with risk of peptic ulcer, with the less advantaged groups having about 50% higher risk than those of higher socioeconomic status.
Eating rice less often and foods made from wheat flour (e.g. noodles) more often were both associated with increased risk of ulcer. These two dietary patterns were strongly associated with one another so a composite variable was formed defining a group who ate rice at least twice per day and wheat products less than twice per day and a group who ate wheat products at least twice per day and rice less than twice per day (all but six subjects had one of these two eating patterns). The OR for the group who ate more wheat products compared to the other group was 2.93 (95% Cl 1.68-5.12). Increased risk of peptic ulcer was also associated with lower consumption of meat and higher consumption of milk. None of the other dietary items was significantly associated with risk of peptic ulcer. As the dietary data refer to eating habits when the questionnaire was administered, it is not possible to determine whether the diet influenced risk of ulcer or the presence of ulcers influenced the eating habits. Therefore dietary items were not considered in subsequent analyses.
Cigarette smoking was strongly associated with peptic ulcer. As very few subjects reported being exsmokers, the results essentially refer to current smoking. Only one of the women in the study reported smoking. When the data were analysed for men only, and omitted the ex-smokers, the OR for those smoking =£15 cigarettes per day was 2.36 (95% CI : 1.64-3.39) and for those smoking >15 cigarettes per day, 3.42 (95% CI : 2.32-5.04).
A family history of peptic ulcer was a very strong risk factor (OR = 4.94, 95% CI : 3.69-6.61). Overall 81% of cases and 70% of controls had a positive test result for HP infection, giving an OR of 1.90 (95% CI : 1.41-2.55). A crude analysis suggested no association between family history of peptic ulcer and HP infection (X 2 = 2.08, d.f. = 1, P = 0.15). Helicobacter pylori infection was, however, strongly associated with occupation (x 2 = 28.7, d.f. = 1, P < 0.001) and education (X 2 =13.3, d.f. = 2, P = 0.001), but not with income (X 2 = 1.78, d.f. = 2, P = 0.41).
To assess the combined effects of HP infection and the traditional risk factors of age, family history and cigarette smoking, analyses were performed separately for women and men (so that the effect of cigarette smoking was estimated for men only) in each of two occupational groups, staff or worker/driver (so that the age effect was not confounded by occupation). The other socioeconomic variables were not considered because they were so closely related to occupation. The multivariate analyses for four groups of subjects defined by gender and occupation are shown in Tables  3-6 , with separate analyses for all peptic ulcers and duodenal ulcers only.
Among women staff all 23 cases had duodenal ulcers. The only statistically significant risk factor was • Aali-Helicobacter pylori.
having a family history of peptic ulcer (Table 3) .
Similar results were obtained for women who were workers or drivers (Table 4) . For male staff the results were also similar, with family history being the most important predictor-although the OR associated with age, HP infection and smoking were all greater than unity (Table 5 ). There were far more cases and controls in the group of male workers or drivers than in the other groups and all the risk factors were statistically significant ( Table 6 ). The effects of smoking appeared greater among the male workers or drivers than among male staff; the effect sizes for other risk factors were remarkably similar. 
DISCUSSION
In this study prevalence of HP infection was high (76%). This is similar to other populations from developing countries. 1 ' 2 In these circumstances HP infection would be expected to be a less specific predictor of peptic ulcer than in populations where the prevalence of infection is lower. 3 For these factory employees in Shanghai, family history of peptic ulcer was the most important risk factor, especially among women. This is one of the well-established risk factors. 4 The other major traditional risk factors of increasing age, male gender, lower socioeconomic status and cigarette smoking were also strongly associated with risk of ulcer in this study. Of these, only the socioeconomic indicators, occupation and education, were statistically associated with HP infection.
The close associations between age, occupation (and other socioeconomic markers) and cigarette smoking in this industrial population potentially complicate the interpretation of the results due to confounding. To overcome the problem, the data were analysed separately for four groups defined by gender and occupation. This would have caused some loss of statistical power. Nevertheless, the findings were similar in all groups, although the effect of family history appeared more pronounced for women than men and the effect of smoking was greater among male workers or drivers than male staff.
The duodenalrgastric ratio of 7:1 is higher than reported elsewhere. For example, in the US a ratio of 2.7:1 has been reported; 5 in Northern Europe the ratio is about 1:1, 6 while in Japan gastric ulcer has been reported to be more common. 7 This may be due in part to the age distribution of this relatively young industrial population, because duodenal ulcer is more common in younger people and gastric ulcer in older people. 5 ' The bimodal seasonal pattern, with peaks in spring and autumn, was pronounced in this study. This has been reported elsewhere, although the times of the peaks vary somewhat with geographical location. 8 Associations between peptic ulcer and various foods, alcohol and coffee have been investigated before. 7 ' 9 In the present study no associations were found with consumption of salt, hot or spicy foods or coffee. The statistically significant relationships which were found, however, illustrate the difficulties of inferring causation. The Chinese often regard rice as unsuitable for people with peptic ulcer so the association between ulcers and eating wheat products is to be expected. Lower consumption of meat and higher consumption of milk might have similar explanations as only information on current diet was collected not eating habits before the initial ulcer symptoms.
The association between peptic ulcer and cigarette smoking is well-known. In this paper only data on current smoking have been presented, although history of smoking was documented. Lifetime consumption was also found to be associated with increased risk of ulcer. For current smoking there was evidence of a dose-response relationship. The more striking finding, however, is that very few men reported having given up smoking and smoking prevalence was as high as 89% among male workers and drivers with ulcers. As smoking has been shown to be associated with slower healing of ulcers and higher rates of relapse, 10 it would be expected that these men would have received medical advice to stop smoking and that a higher proportion would have done so. Now that Helicobacter pylori is recognized as a causative agent for peptic ulcer, there is interest in factors which might be associated with increased risk if HP infection were eliminated by treatment. This paper has addressed a related question: in a population where HP infection is almost ubiquitous, what are the risk factors for peptic ulcer? The results suggest that the answer is: those risk factors which have been known for a long time-namely, male gender, increasing age, low socioeconomic status, a family history of ulcer and cigarette smoking.
